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ComdMioms for Hybridiamtion 

of 0Mg$om,mcie®tide JProbes 


When using oligonucleotides as probes, the aim is to find conditions that are 
stringent enough to guarantee specificity and sufficiently flexible to allow 
formation of stable hybrids at an acceptable rate. For DNA molecules more 
than 200 nucleotides in length, hybridization is usually carried out at 
15-25°C below the calculated melting temperature (T m ) of a perfect hybrid. 
However, as the length of the probe is decreased, the T m is lowered to the 
point where it is often impractical to carry out hybridization at T m - 25°C. 
Typically, therefore, hybridization with synthetic oligonucleotides is carried 
out under conditions that are only 5-10°C below the T m . Although such 
stringent conditions reduce the number of mismatched clones that are 
detected with short oligonucleotide probes, they have the less desirable 
consequence of reducing the rate at which perfect hybrids form. 

Hybrids formed between DNA molecules more than 200 nucleotides in 
length are completely stable for all practical purposes. The chances that such 
a long stretch of double helix will unwind at temperatures 15-25°C below the 
T m are extremely small However, hybrids (even perfect hybrids) formed 
between short oligonucleotides and their target sequences at 5-10°C below 
the T m are far easier to unwind, and hybridization reactions of this type can 
be regarded as reversible. This has important practical consequences. 
Whereas hybrids formed between longer DNA molecules are essentially 
stable under the conditions used for posthybridization washing, hybrids (even 
perfect hybrids) involving short oligonucleotides are not. Posthybridization 
washing of such hybrids must therefore be carried out rapidly so that the 
probe does not dissociate from its target sequence. For this reason, hybridi- 
zations with short oligonucleotides should be carried out under stringent 
conditions (5-10°C below the T m ) using high concentrations (0.1-1.0 pmole/ 
ml) of probe. When only one or a small number of oligonucleotides (<8) are 
used as probes, the annealing reaction rapidly reaches equilibrium, and 
hybridization should therefore be terminated after 3 or 4 hours. More 
complex mixtures, in which the concentration of each oligonucleotide is 
comparatively low, require hybridization to be carried out for proportionately 
longer periods. For example, mixtures of 32 or more oligonucleotides should 
be hybridized for 1-2 days. Posthybridization washing should be carried out 
for brief periods of time, initially under conditions of low stringency and then 
under conditions of stringency equal to those used for hybridization. 
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mdbtkp a TTwrstWiS FOK PERFECTLY MATCHES) 
CALCULATING ™^ J™^J^^ THETM TAMGET 
MWBRmS BETWEEN ®LIG®MJCLE®TMB*s mi 

SEQUENCE® nce rfectly) 

When using single oh gonudeoUdes that mat^ ^ ^ ^ q{ ^ 

hybridization conditions can 8 nucleotides , the T m of the hybrid 

hybrid. For oligonucleotides shorter ; sidues ^ the hybrid 
can be estimated \^}^^ZThy fc td adding the two numbers 
S^SSS^^ tH—d overestimates the T m of hybrids 

molecules (Bolton and McCarthy 1962). 

T =81.5 — 16.6(log 10 [Na*]) + 0.41(% O +.C) - (600/W) , 
" „ v • l„„*h oredicte reasonably well the T m for oligonucleotides 
££g J rvOnSoSsld as short as 14 nucleotides. 
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ESTFEMA TSN& THE EFFECTS OF SMSMAT€MS§ 

Perhaps surprisingly, the classic formula (Bonner et al. 1973) to calculate the 
effect of mismatches on the stability of long DNA hybrids holds reasonably 
well for hybrids involving short oligonucleotides: For every 1% of mismatch 
ing of bases m a double-stranded DNA, there is a reduction of T by 1-1 5°C 
However, the precise effect of mismatches depends on the G+"c content of 
the oligonucleotide and, even more critically, on the distribution of mis- 
matched bases in the double-stranded DNA. Mismatches in the middle of the 
oligonucleotide are far more deleterious than mismatches at the ends There- 
fore the method of estimation given above should only be used as a rough 
guide until a systematic study of all types of mismatches in a variety of 
contexts leads to more precise methods of estimation. If appropriate target 
DNA has been cloned, the effect of mismatches on T can be determined 
empirically (see pages 11.55-11.57). 
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tMmBZ AUON OF P^OIS m ofaperfectlymat ched hybrid formed 

It is easy to calculate ^ sequence. However, when 

between a single ohgonu c eotid * d ^ ^ haye tly different con- 
using pools of a consensus T m . Because it is not 
tents of G + C, it is sslble *° JS* pool ^ match the target sequence 
possible to know winch member of the po^ oligonucleotide with the 
perfectly, conditions efficiently . Usually conditions are 
lowest content of G + C ) t > W° f fche most A/T -rich member of the 

pool (Suggs et al. 1981^ How , ^ ^ b 

denominator" conditions can ' * leoti des of higher G + C content may 
mismatched hybrids formed by ^^^Srid g fonn ed by the correct 
be more stable than a P 6 ^^™^ *l ot se rious, since the number 

oligonucleotide. ^ st p ^^SgS A libraries with pools of oligomi- 
of positive clones obtained by screenings possible to easily 

cleotides is usually quite r»^ le ^^ pother test (e.g., DNA 
distinguish false f^J^^^^oAoi oligonucleotides corre- 
sequencing or hybridization ^ ^ J } . 
sponding to another "*"^^^ tive s iunacceptablyhigh itmay be 
In those cases when the number 01 po solvents that contain the quater- 
worthwhile to co^^^^^%^ (TEAC1) or tetra^ 
nary alkylammonium s ^ p S f ^ci) instead of sodium chloride (Melchior and 
methylammonium chloride ^^^^ al 1985; Gitsch ier et al. 

von Hippel 1973; Jacobs et al. 1985, vv ^dependent of 

1986; Wozney 1989). In these so ^* S ' * mar ^ ly on its length. Thus, by 
its base composition -^^£^1^2^^ for °* ^ 

choosing a temperature for 0 ? P p 0t ential mismatches can be 

oligonucleotides m a pool, the enects y 

minimized. accurate estimate of the T m in TMAC1 or 

It is important to ^^Xtides to screen cDNA or genomic DNA 
TEAC1 before using pools ^g^^^^gd the Ti (the irreversible melting 
libraries. Jacobs et al. , ( f 8 ^ ,TL een the pro be and its target sequence) 
temperature ^^^^^}f^^S oligonucleotides of diffenng 
as a function of chain length for * ^Ser^dium or tetramethylammonium 
G + C content in solvents contammg either sodium ^ kngth melt 

ions. Hybrids involving ■ ^^^^^ containing TMAC1 than m 
over a smaller range of .^l"?^ ? ™ r tmaCI vs. 17°C for SSC when 
solvents containing ^^ ^^ vs . 20 ° C for SSC when hybridizmg 
hybridizing 16-mers; 5 C I to ff ™AL . ^ (70C fo vs 

^ S) SSC) r Stttfextensive, data are available for solvents 
containing TEAC1 (Jacobs et aL ^ ^ chosen to be 5°C 

The optimal temperature for h y^ atl ^ e 1S recomm ended hybridization 
below the T, for the ^^S^^^Ln^, it is 55-57°C; 
temperature for 17-mers in 3 m TMAC »485 ^ emphagizin Fir st 


suppress nonspecific adsorption of thejprobe to solid supports (such as nylon 
™SElwr resulting in lower nonspecific backgrounds. Second, hybndiza- 
STSSto contaSSg TMAC1 do not have significant advantages over those 
cTtaS sodium ions until the length of the oligonucleotide exceeds 16 
nucleotidfs Finally, the data have been extensively examined for 16-mers 
?9lers and ^previous studies, for much longer DNA molecules (Melchior 
19-mers, ana in _p currently . ^ untested assumption that the same 

btnVficiJ sVenlr DnI molecules of all intermediate lengths. 
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Aiksgi&mm&wium S&lts 

L Prepare a 6 m solution of tetramethylammonium chloride (TMAC1) or a 3 m 
solution of tetraethylammonium chloride (TEAC1) in H 2 0. (TMAC1 and 
TEAC1 are available from Aldrich.) 



2. Add activated charcoal to a final concentration of approximately 10% and 
stir for 20-30 minutes. 

3. Allow the charcoal to settle, and then filter the solution of TMAC1 or 
TEAC1 through a Whatman No. 1 paper. 

4. Filter the solution through a nitrocellulose filter (e.g., Nalge, 0.45-micron 
pore size). Store the filtered solution in dark bottles at room temperature. 

5. Measure the refractive index of the solution, and calculate the precise 
concentration of the solution from the equation: 

C = (tt-1.331)/0.018 

where C = molar concentration of quaternary alkylammonium salt and 
n = refractive index. . 

6. Prehybridize nitrocellulose filters or nylon membranes for 2-6 hours in 
oligonucleotide prehybridization solution. 



7. Prepare the quaternary alkylammonium solution to be used for hybrid- 
ization: 
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Notes 

i Nitrocellulose filters are not stable when hybridization is carried out for 
extended periods of time in solvents containing TMAC1 or TEAC1. Nylon 
membranes are much better suited for this purpose. 

ii Posthybridization washing is usually carried out initially with solutions 
co Sng sodium salts (e.g., 6 x SSC) rather than quaternary alkylam- 
monium salts. If additional stringent washes are required rinse the 
S ers first with quaternary alkylammonium l^^JXJ^SS 
out DNA or nonfat dried milk) at room temperature and then briefly (5-10 
minutes) with the same solution at T, - 5°C. 
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Perhaps the most critical step in the use of guessmers is the choice of 
conditions for hybridization. The temperature should be high enough to 
suppress hybridization of the probe to incorrect sequences but must not be so 
high as to prevent hybridization to the correct sequence, even though it may 
be mismatched. Before using an oligonucleotide to screen a library, it is 
therefore advisable to perform a series of trial experiments in which a series 
of northern or genomic Southern hybridizations are carried out under differ- 
ent degrees of stringency (Anderson and Kingston 1983; Wood et al. 1984). A 
set of theoretical curves relating the temperature of the washing solution to 
the length and homology of the probe is given in Lathe (1985). Using these 
curves as a guide, determine the optimal conditions for detection of sequences 
complementary to the probe by hybridizing the oligonucleotide to a series of 
nitrocellulose filters or nylon membranes at different temperatures. The 
filters are washed extensively in 6 x SSC at room temperature and then 
briefly (5-10 minutes in 6 x SSC) at the temperature used for hybridization. 
This method, in which both hybridization and washing are carried out under 
the same conditions of temperature and ionic strength, appears to be more 
discriminating than the more commonly used procedure of hybridizing under 
conditions of lower stringency and washing under conditions of higher 
stringency. 

If trial experiments are not possible, attempt to estimate the melting 
temperature (T m ) as follows: 

1. Calculate -the minimum G + C content of the oligonucleotide assuming 
that A or T is present at all positions of ambiguity. 

2. Using the following formula, calculate the T m of a double-stranded DNA 
with the calculated G+C content: 

T m = 81.5 - 16.6(log 10 [Na + ]) + G.41(% G + C) - (600 /N) 
where N = chain length. 

3. Calculate the maximum amount of possible mismatch assuming that all 
choices of degenerate codons are incorrect. Subtract 1°C from the calcu- 
lated T m for each 1% of mismatch. The resulting number should be the T m 
of a maximally mismatched hybrid formed between the probe and its 
target DNA sequence. 

In the absence of information from trial experiments, hybridization and 
washing should be carried out at 5-10°C below the estimated T m . Almost 
certainly, the actual T m will be higher than that predicted by this worst-case 
calculation. If the bases used at positions of ambiguity were chosen at 
random, one out of four should be correct, and approximately half of these 
would be expected to be G or C. The observed T m should therefore be 
significantly higher than that estimated. However, to minimize the risk .of 
missing the clone of interest, it is best to hybridize and wash at several 
degrees below the T m estimated as described above. If, under these condi- 
tions, the probe hybridizes indiscriminately, repeat the hybridization at a 
higher temperature or wash under conditions of higher stringency. 
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Before proceeding to screen an entire cDNA or genomic DNA library, it is 
advisable to carry out a series of pilot experiments in which the probe is 
hybridized under different conditions to small aliquots (perhaps 5000-10,000 
clones) of the library that is to be screened. The results of these experiments 
should allow you to choose conditions for large-scale screening that are just 
stringent enough to eliminate nondiscriminate hybridization of the probe to 
the vast majority of clones in the library. 

Hybridization of guessmers in solvents that contain quaternary alkylam- 
monium salts has not been investigated. 
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SSYBMM3SSATSON OF OLEGOMJCEEmiBES THAT CQNTASN A NEUFMAL 

BASE AT P®SFFI®m ©F SPEGENEMACY 

Although the conditions for hybridization of probes that contain the neutral 
base inosine have not been extensively explored, it is possible to make a 
conservative estimate of the melting temperature (T m ) as follows: 

1. Subtract the number of inosine residues from the total number of nu- 
cleotides in the probe to give a value S. 

2. Calculate the G + C content of S. 

3. Estimate the T m of a perfect hybrid involving S using the equation on page 
11.52. 

4. Use conditions for hybridization that are 15-20°C below the estimated T m . 

The T of hybrids involving oligonucleotides that contain neutral bases can 
also be estimated empirically as described on pages 11.55-11.57. Hybridiza- 
tion of such oligonucleotides in solvents containing quaternary alkylam- 
monium salts has not been investigated. 
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vrnvnmmATim w melting tempesawms 

stranded DNA becomes ""^^^^^L target. The optimal 
not favor ^ bLis of this value, 

temperature for hybridizatio in sequ ence that is complementary 

The procedure requires a ^ doned target s ^ he oligonuc i eo tide 

(perfectly or imperfectly ^hLe from "natural" 
probe . ^F^J^±^JTS^^: The best synthetic target 
sources bej^ ^ ^ ^piernentary^ 

sequences consist f^^^eatides form a double- stranded region that 
^^Tfht?a^tL^. The sequences of the protruding ends are 
contains th e J^f^. DNA to be cloned easily in bacteriophage M13 
designed to aU<w *he torget u appr opriate orientation prepared from 

the sequence of the target DNA is correct. 

i t v« 1 1 10 nmoles of the oligonucleotide to be used as a probe by 
1. Label 1-10 pmoies oi t b remove excess unincorpo- 

tl "ge to S cirfes on a piece of Paranta, Mark two of tie 
filters with a soft-lead pencil. 

in a vacuum oven. 

Xf the target DNA has been cloned jJ^^S^^^^ 
with a restriction «M^ne does ^^^^J^ordtan and pre- 
the resulting double-stranded IDNA .by ^™™YsSC at a concentration of 500 
cipitation with ethanol Dissolve the DNA in ' described above, and 

ngV Apply the solution of DNA to the nit ,ers P£P ar h t f 3MM pap er 
Se£ usiAg blunt-ended forceps ^ transfer the filters t g 5 _ io 
saturated with p^rSturated with neutralizing solution 

Move the niters to a fresh f^^.^g^^ Transfer the niters to a dry 

evSrater B P ato the filters described above. 

Overbad can cause the fflters beccme -^f^KT^ 
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4. Using blunt-ended forceps, transfer all of the filters to a polyethylene 
tube that contains 2 ml of oligonucleotide prehybridization solution. Seal 
the tube and incubate, with occasional shaking, at a temperature esti- 
mated to be T m - 25°C for the solvent being used (see Note i). After 2 
hours, add radiolabeled oligonucleotide to the prehybridization solution 
The final concentration of oligonucleotide should be approximately 1 
pmole/ml. Continue incubation at T m - 25°C for a further 2-4 hours 
with occasional shaking. ' 



5. Remove the filters from the hybridization solution, and immediately 
immerse them in 2 x SSC at room temperature. Agitate the fluid 
continuously. Replace the fluid every 5 minutes until the amount of 

- radioactivity on the filters remains constant (as measured with a hand- 
held minimonitor). 

6. Adjust the temperature of a circulating water bath to T - 25°C. Dis- 
pense 5 ml of 2 x SSC into each of. 20 glass test tubes (17 mm x 100 mm). 
Monitor the temperature of the fluid in one of the tubes with a ther- 
mometer. Incubate the tubes in the water bath until the temperature of 
the 2 x SSC is T m - 25°C. The 2 x SSC in each of these tubes will be 
used separately for each temperature increase (see steps 7-10). 

7. Transfer the filters individually to four empty glass tubes, separating the 
filters containing the vector and target DNAs, and add 1 ml of 2 x SSC 
(from one of the tubes prepared in step 6 and prewarmed to T - 25°C). 
Place the tubes in the water bath for 5 minutes. m 

8. Remove the tubes from the bath, transfer the liquid to scintillation vials, 
and wash the tubes and niters with 1 ml of 2 x SSC at room tempera- 
ture. Add the wash solutions to the appropriate scintillation vials. 

9. Increase the temperature of the water bath by 3°C, and wait for the 
temperature of the 2x SSC in the tubes prepared in step 6 to 
equilibrate. 

10. Add 1 ml of 2 x SSC at the higher temperature to each of the four tubes 
containing the filters. Place the tubes in the water bath for 5 minutes. 
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11. Repeat steps 8, 9, and 10 at successively higher temperatures until a 
' temperature of T m + 30°C is achieved. - 

12 Place the filters in separate glass tubes (17 mm x 100 mm) containing 1 
ml of 2 x SSC and heat them to boiling for 5 minutes to remove any 
remaining radioactivity. Cool the solutions in ice, and transfer them to 
scintillation vials. Wash the filters and tubes used for boiling with 1 ml 
of 2 x SSC, and add the washing solutions to the appropriate scintilla- 
tion vials. 

13. Use a scintillation counter to measure the radioactivity (by Cerenkov 
counting see Appendix E) in all of the vials. Calculate the proportion of 
the total radioactivity that has eluted at each temperature (i.e the sum 
of radioactivity eluted at all temperatures between T m -25 C and the 
temperature at which a given sample was taken divided by the total 
radioactivity eluted from the filters at all temperatures up to and 

including 100°C). . . . . , , 

If the experiment has worked well, very little radioactivity should be 
associated with the niters containing vector DNA alone. Furthermore 
this radioactivity should be completely released from the filters at 
temperatures much lower than the estimated T m . On the other hand, 
considerable radioactivity should be associated with the filters containing 
the target DNA" the elution of this radioactivity should show a sharp 
temperature dependence. Very little radioactivity should be released 
from the filters until a critical temperature is reached, and then approxi- 
mately 90% of the radioactivity should be released during the succeeding 
6-9°C rise in temperature. The temperature at which 50% of the 
radioactivity has eluted from the filters containing the target sequences 
is defined as the T, of the hybrid between the probe and its target 
sequence. 

Notes 

i Although the above protocol calls for the use of sodium salts in the 
solvent used for hybridization, other solutes such as tetramethylam- 
monium chloride or tetraethylammonium chloride can be substituted it 
desired to determine the T { in these solvents. 

ii This method can easily be adapted to study the behavior of hybrids 
formed between probes and target sequences that do not match each 
other perfectly (Jacobs et al. 1988). 

iii Before synthesizing the probe, check for potential homology and/or 
complementarity between its sequence and the sequence of the vector 
used to propagate the target. Most of the commercially available pro- 
grams to analyze DNA can be used to search commonly used vectors for 
sequences that match the sequence of the probe closely enough to cause 
problems during hybridization. 
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RESULT 12 

LOCOS MOSIGHRV 306 bp raRNA ROD 15-JUN-1990 

DEFINITION Mouse Ig active H-chain (GAC1) mRNA v-region, from hybridoma 

80.1B5, partial cds . 
ACCESSION M32046 
NID gl95971 
VERSION M32046.1 GI:195971 

KEYWORDS V-region; immunoglobulin heavy chain; processed gene. 
SOURCE Mouse (strain 80.1B5), cDNA to mRNA, anti-GAC hybridoma 80.1B5. 

ORGANISM Mus musculus 

Eukaryotae; mitochondrial eukaryotes; Metazoa; Chordata; 
Vertebrata; Eutheria; Rodentia; Sciurognathi; Myomorpha; Muridae; 
Murinae; Mus. 
REFERENCE 1 (bases 1 to 306) 

AUTHORS Jarvis,C.D., Cannon, L.E. and Stavnezer,J. 

TITLE Mouse antibody response to group a streptococcal carbohydrate 
JOURNAL J. Immunol. 143, 4213-4220 (1989) 
MEDLINE 90079033 
FEATURES Location/Qualifiers 
source 1 . .306 

/organism-"Mus musculus" 
/db_xref-"taxon : 10090" 
intron <1 . .11 

/note-"Ig H-chain V-region intron" 
exon 12. .>306 

/note-"Ig H-chain V-region, X' 
BASE COUNT 85 a 56 C 85 g 80 t 


ORIGIN Chromosome 12. 


Query Match 72.0%; Score 257; DB 32; Length 306; 

Best Local Similarity 93.9%; Pred. No. 1.33e-190; 

Matches 275; Conservative 0; Mismatches 18; Indels 0; Gaps 0 


Db 

13 

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACCTGGAGGATCCATGAAACTC 

72 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I i I i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 


Qy 

1 

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACCTGGAGGATCCATGAAACTC 

60 

Db 

73 

TCCTGTGTTGCCTCTGGATTCACTTTCAGTAACTACTGGATGTACTGGGTCCGCCAGTCT 

132 



1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 j 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 


Qy 

61 

TCCTGTGTTGCCTCTGGATTCATTTTCAGTAACCACTGGATGAACTGGGTCCGCCAGTCT 

120 

Db 

133 

CCAGAGAAGGGACTTGAGTGGGTTGCTGAAATTAGATTGAAATCTGATAATTATGCAACA 

192 



1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 I 1 1 t 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 t 1 1 t 1 Mill 1 1 1 1 1 1 1 


Qy 

121 

CCAGAGAAGGGGCTTGAGTGGGTTGCTGAAATTAGATCAAAATCTATTAATTCTGCAACA 

180 

Db 

193 

CATTATGCGGAGTCTGTGAAAGGGAGGTTCACCATCTCAAGAGATGATTCCAAAAGTAGT 

252 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Qy 

181 

CATTATGCGGAGTCTGTGAAAGGGAGGTTCACCATCTCAAGAGATGATTCCAAAAGTGCT 

240 

Db 

253 

GTCTACCTGCAAATGAACAGCTTAAGGGCTGAAGACACTGGAATTTATTACTG 305 




1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Qy 

241 

GTCTACCTGCAAATGACCGACTT AAGAACTGAAGACACTGGCGTTTATTACTG 293 



RESULT 3 

ID N90300 standard; DNA; 1395 BP. 

AC N90300; 

DT l-NOV-1989 (first entry) r 

np insert codinq for light chain murine variable region 

^ Recombinant DNA? chimeric monoclonal antibody; "9^ <:haln; heavy chain; 

KW variable region; human carcinoembryonic antigen; cell line CE2b. 

FH Key Location/Qualifiers 

FT cds 733.. 1320 

ft /*tag- a 

FT intron 781.. 987 

FT /*tag- b 

PN EP-323806-A. 

PD 12-JUL-1989. 

PF 28-DEC-1988; 810898. 

PR 05-JAN-1988; GB-00077. 

li ffinT G m 9 L.f ke Winter RFJ, Wagner K, Heusser C; 

DR WPI; 89-200701/28. 

nR P-PSDB* P90479 

PT Chimeric monoclonal antibody to human carcinoembryonic "tigen 

PT - consisting of variable regions of mouse origin and human constant 

PT regions, for cancer diagnosis and therapy. 

H x^ecc^^ ^r a light chain murine 

CC varialle^egion, which is specific for human carcinoembryonic antigen and 

CC originates from genomic DNA of the cell line CE 25 See also P90479. 

SQ Sequence 1395 BP; 397 A; 240 C; 276 G; 482 T; 

Query Match 90.7%; Score 291; DB 1; Length 1395; 

Best Local Similarity 95.3%; Pred. No. 4.65e-186; 

Matches 306; Conservative 0; Mismatches 15; indels 0. Gaps u, 


Db 1000 gacatcttgctgactcagtctccagccatcctgtctgtgagtccaggagaaagagtcact 
1 1 1 1 1 I M I ll II 1 1 I I M I I I I 1 1 II 1 1 II M I i M II I II I I M I I I I M I I 1 

Qy 1 GACATCTTGCTGACTCAGTCTCCAGCCAT^ 


1059 

-60 


Db 1060 ttctcctgcagggccagtcagagcattggcacaagcttacactggtatcagcaaagaaca 1119 

lllllll 111 III I I I II I I I I Mill Mill I IIIIIIMIIIMMIIllll 
Qy 61 TTCTCCTGCAGGGCCAGTCAGTTCGTTGGCTCAAGCATCCACTGGTATCAGCAAAGAACA 120 

Db 1120 aatggttctccaaggcttctcatgaagtatgcttctgagtctatctctgggatcccttcc 1179 

IIIIIIMII II I I MM II III 1 I II I M M II II II I M I I MIIIIMIIMIII 
Qy 121 AATGGTTCTCCAAGGCTTCTCATAAAGTATGCTTCTGAGTCTATGTCTGGGATCCCTTCC 180 

Db 1180 aqqtttagtggcagtggatcagggacagattttactcttaccatcaatagtgtggagtct 1239 

I I I I I I II I I I I I I I I I I I I I I I I I I I 1 I I I I I I MIHI I I IN _ 

Qy 181 AGGTTTAGTGGCAGTGGATCAGGGACAGATTTTACTCTTAGCATCAACACTGTGGAGTCT 240 

Db 1240 gaagatattgcagattattactgtcaacaaagtcatggctggccattcacgttcggctcg 1299 
M I f 1 If M I M 11 M 1 I I I 1 I I M M I 1 I I I I I M I I t I I I I M M 'J. I'!' Qnn 

Qy 241 GAAGATATTGCAGATTATTACTGTCAACAAAGTCATAGCTGGCCATTCACGTTCGGCTCG 300 

Db 1300 gggacaaagttggaaataaaa 1320 

II M II I I I I I M I I I I M 

Qy 301 GGGACAAATTTGGAAGTAAAA 321 


